Objective: To determine the correlates of central adiposity. Design: Population-based cross-sectional study. Subjects: A total of 926 women (aged 40-60 years) from all districts of Tehran. Methods: Demographic data were collected and anthropometric indices were measured according to standard protocols. Dietary intakes were assessed by means of a semi-quantitative food-frequency questionnaire. The suggested cut-off point for waist-to-hip ratio (WHR $ 0.84) for Tehrani people, adjusted for their age group, was used to determine central adiposity. Logistic regression analysis was used to determine the correlates of WHR, which were adjusted for age, taking medications and body mass index (BMI). The components of dietary intake were determined by factor analysis. Pearson correlation was used to determine the association between the dietary components and WHR. Analysis of covariance was employed to compare the mean values of WHR in different lifestyle groups, with adjustment for BMI and age.
Obesity has now become a major global problem that is associated with risk of many non-communicable diseases [1] [2] [3] . Although obesity is related to disease risk 4 , some studies suggest that the pattern of body fat distribution is a more important determinant than general obesity [5] [6] [7] . Abdominal obesity has also been shown to be associated with increased risk of overall mortality in many populations 8 . Despite some recent studies proposing waist circumference (WC) as an indicator for central fat accumulation 9, 10 , there is no universal agreement regarding the use of WC at present 11 and waist-to-hip ratio (WHR) is the most commonly used index of central fat distribution 12 . Abdominal obesity is reported in 36% of adult women in Greece 13 ; according to reports, 65% of Omanian 14 and 55% of Indian women 15 are centrally obese.
Although obesity has strong genetic determinants, its increasing prevalence in populations around the world suggests that environmental factors are promoting or exacerbating the problem. Some possible associations of obesity with factors such as socio-economic status, gender, marriage, physical activity and educational level, among others, are mentioned in different populations [16] [17] [18] [19] . In most studies the prevalence of central fat accumulation is higher in women than men. In Iran, it has been reported that 67% of women and 33% of men older than 20 years are centrally obese 20 . A study of secular trends in central fat accumulation in Iran showed a 6% increase in central adiposity among men and a 9% increase among women between 1998 and 2002 21 . Almost all of the previous studies [21] [22] [23] [24] conducted in Iran used the World Health Organization (WHO) cut-off points to determine central fat accumulation and no previous studies have used the specific cut-off points 25 suggested for Tehrani adults. Therefore, the present study was performed to investigate the correlates of central fat accumulation based on the optimal anthropometric cutoff values of Tehrani adults in a representative population of women.
Subjects and methods

Subjects
In this cross-sectional study, 926 women aged 40-60 years living in different districts of Tehran were selected by cluster random sampling. An A to Z map of Tehran, called Rahyab-e-Tehran and published by the geographic information centre of the municipality of Tehran, was used for sampling. The book contains a map of Tehran divided into 185 pages. We divided each page into 30 blocks: five sections horizontally and six sections vertically. From among 5550 blocks in the whole book, 50 blocks were randomly chosen with 1460 individuals totally. After excluding subjects who had at least one missing variable, 926 women were included in the present analysis. To make sure that the sample was representative of the general population, the age groups of the subjects were compared with those of Tehran and Iran's population. The age distribution of subjects in this study is similar to that of the urban population in Tehran and Iran.
Anthropometry
All anthropometric measurements were made according to the WHO protocol 26 . Weight was measured using digital scales while subjects were minimally clothed and without shoes, and recorded to the nearest 100 g. Height was measured to the nearest 1 cm using a tape meter while subjects were in a standing position without shoes, with their shoulders in a normal position. WC was measured at the narrowest level, and hip circumference at the maximal level, over light clothing, using an unstretched tape meter without any pressure to the body surface, and was recorded to the nearest 0.1 cm. Body mass index (BMI) was calculated as weight (kg) divided by the square of height (m 2 ). WHR was computed as WC divided by hip circumference. The cut-off for WHR was determined as $0.84 based on the suggested cut-off 25 for Tehrani women, adjusted for their age group. We used normative threshold values for all anthropometric measures by assessing only the youngest adults, because anthropometric indicators such WC and cardiovascular risk factors increase with age. Accordingly, establishing the thresholds with values from any subpopulation is necessary 27 . On the other hand, a previous study in Iran showed that the so-called 'action level 2' cut-off point of WC had low predictive value for cardiovascular risk factors in Tehrani women 28 .
Dietary intake assessment
Dietary intake was assessed by means of a semi-quantitative food-frequency questionnaire (FFQ). All the questionnaires were completed by trained dietitians with at least 5 years' experience in the Nationwide Food Consumption Survey project 29 . The FFQ consisted of a list of foods with a standard serving size. Participants were asked to report their frequency of consumption of each food item during the previous year on a daily (e.g. bread), weekly (e.g. rice, meat) or monthly (e.g. fish) basis. To assist the subjects to report accurately, household utensils were used. The questionnaires were validated 12 years ago in the Nationwide Food Consumption Survey project, which has been reported in Farsi
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. We revalidated them with 16 families before this study was begun (unpublished data). Standard reference tables were used to convert household portions to grams for computerised analysis 31 . Following coding of diaries, the dietary recall form was linked to a nutrient database (Nutritionist III) and nutrient intakes were calculated from the quantities of foods consumed.
Lifestyle factors
Information about age, occupation, medication use, marriage, parity, menopausal status, smoking and drinking coffee was obtained using a pre-tested questionnaire. To ascertain physical activity status a validated questionnaire 32 was used. Depression was assessed by applying the Beck questionnaire 33 .
Statistical analysis
Associations between lifestyle factors and central adiposity were assessed by logistic regression modelling. Lifestyle factors were categorised as follows. Occupation: unemployed, retired, employed; parity: 0, 1-2, $3; menopausal status: postmenopause, premenopause; smoking: non-smoker, smoker; drinking coffee: yes, no; physical activity: light, moderate, heavy; depression: depressed, mildly depressed, normal.
Logistic regression analysis adjusted for age and BMI was used to determine the correlates of central fat accumulation. WHR was dichotomised at a pre-selected cut-off based on the suggested cut-off for Tehrani women 25 . Subjects were classified on the basis of percentile cut-off points of nutrient intakes: ,25, 25-50, 50-75 and .75. Only those nutrients which had a significant correlation with WHR were entered into the model. All nutritional and non-nutritional factors were simultaneously entered into the model. Stepwise multiple linear regression analysis was used to determine the predictors of WHR. Analysis of covariance was employed to compare the mean values of WHR in different lifestyle groups and the mean values of vegetable and dairy consumption in centrally obese and normal women with adjustments for BMI and age. To reduce the data from the FFQ, factor analysis was used and then the association between each component and central fat accumulation was assessed by Pearson correlation. The ethical committee of the National Nutrition Research and Food Technology Institute of Shaheed Beheshti University of Medical Sciences approved the proposal of this study, and informed written consent was obtained from all women.
Results
Mean and standard deviation of age, weight, height, BMI, WC and WHR of the women is shown in Table 1 . Table 2 shows the possibility of being centrally obese in different groups based on lifestyle characteristics. The subjects who were less physically active had more chance of being centrally obese compared with the reference group. Unemployment, marriage, menopause and parity were also associated with central fat accumulation.
Women with light physical activity had a higher WHR than women with heavy physical activity (0.85 6 0.03 vs. 0.80 6 0.02, P , 0.05). Postmenopausal women had higher WHR than premenopausal women (P , 0.01). Women with three or more live births also had higher WHR compared with the two other groups (P , 0.01). WHR was predicted as follows:
The possibility of being centrally obese in different groups of nutrient intake is shown in Table 3 . Mean values of WHR, with adjustments for age and BMI, in different percentiles of fat and vitamin C intake is shown in Fig. 1 .
The dietary intake of the women was factor-analysed into eight components, as shown in Table 4 . Among the components, only the dairy group was correlated with WHR (r 5 20.2, P , 0.05).
Discussion
By conducting a systematic epidemiological analysis, we have revealed the factors associated with central fat accumulation in a representative sample of Tehrani women. The appropriate adjustments for confounders in the present study, as well as use of the suggested cut-off points for Tehrani women to determine central fat accumulation, increased the reliability of our results. Ageing is one of the determinants of WHR. As ageing is unavoidable, attention to the other determinants such as BMI is necessary. The lifestyle factors related to WHR were very similar to those for BMI, most likely because of the correlation between these two factors. In the present study, subjects who were least active were more likely to have WHR above the suggested cut-off, in the line with previous studies 14, 34 . This indicates that increased abdominal fat follows inactivity, which provides important information for health promotion and preventing adiposity. Holcomb et al. also showed the ability of increased daily physical activity in minimising age-related increases in abdominal obesity 35 . Depression, which may be a consequence of industrial life, is increasing nowadays. In the present study the likelihood of being centrally obese was higher in depressed women than in healthy women. Therefore, paying attention to mental health is important for preventing central fat accumulation. Unemployed women had higher odds ratio of being centrally obese in this study. Doing repeated housework all days and having no distinct budgetary control may be the causes of depression in housewives and progress the central fat accumulation. On the other hand, exposure to food at home may explain this association. Employed women also have higher economic status in most cases. Previous studies showed higher obesity rate among people of lower socio-economic level [36] [37] [38] . Smokers in the present study had higher probability of being centrally obese. A longitudinal study has shown that smokers gain weight more on their waist and less on their hips than predicted from gain in body mass, thus they have a gain in WHR 39 . Other research showed that women who continued to smoke developed significantly higher WHR than those who stopped smoking 40 . Han et al 34 . showed that smoking cessation reduces the likelihood of being centrally obese.
After adjusting for the effect of age, menopausal women had greater tendency to be centrally obese, which may contribute to the change in sex hormone levels in postmenopausal women. Lipowicz et al 41 . showed that after age, marriage is the most important predictor of overweight and obesity. In the current study, the likelihood of being centrally obese was higher in married women; changes in dietary patterns and hormone levels, especially a gain in weight after each pregnancy or lactation, may be the reason. Moreover, we found that multiparous women had also higher WHR, similar to a previous report 34 . Among nutrient intakes, vitamin C, calcium and fat were associated with central fat accumulation in our study. Vitamin C as well as calcium can reduce fat absorption and may reduce abdominal adiposity. Maskarinec et al. showed that higher fat intake predicted higher BMI (general obesity) 42 but there are few studies regarding fat and central obesity. Mace et al. reported that dietary fat and fat types should be further studied as early determinants of obesity 43 . After analysing the dietary components, only the dairy group showed a negative significant correlation with WHR in the present study. Previous works [44] [45] [46] have also shown a negative correlation between dairy consumption and BMI. The mechanism by which milk consumption affects obesity indices is not accurately known. Most studies 47, 48 have cited calcium as a responsible factor. So, an inverse relationship has been suggested between calcium intake and body weight and body fat mass in various ways. Its simple effect is the inhibition of fat and fatty acid absorption. However, this is not the major cause; it seems that the major effect of calcium on body weight is mediated by its effects on controlling intracellular calcium 49 . Evidence has shown that the product of agouti, a gene that is expressed in human adipocytes, stimulates calcium uptake into the cells which, by its effect on lipolysis and lipogenesis, causes the deposition of fat in adipocytes. This product increases fatty acid synthetase activity and inhibits lipolysis. By a calcium-dependent mechanism 50 , vitamin D stimulates calcium entrance into the cell and inhibits lipolysis, so decreasing plasma insulin level by dietary calcium is also mentioned as another reason 51 . Other factors in addition to its calcium content may play a role in the anti-obesity effect of milk. Trans fatty acids, conjugated linolenic acid 52, 53 , protein and bioactive components 54 have been mentioned in some reports. Rosell et al. also showed an inverse association between sagittal abdominal obesity and calcium intake in a crosssectional study 55 .
Using suggested cut-off points for Tehrani women to determine the central fat accumulation was a positive point of this study; the use of cross-sectional data was the principal limitation. Moreover, obesity is a heterogeneous disease and besides nutritional and non-nutritional associations, other factors such as heredity and some other environmental factors that we cannot capture in our analysis must be considered. Although the subjects of this study were a representative sample of Tehrani women, the multi-ethnic nature of our country reduces the possibility of extrapolating of our findings to the whole country. This point emphasises the necessity of conducting similar studies in various regions of Iran. However, a recent study in the north of Iran showed similar associated factors for central obesity. With respect to its findings, low level of activity and education, parity, family history of obesity, marriage at earlier age and ageing were responsible for central obesity 56 . Therefore, adverse fat distribution is associated with increasing age, unemployment, marriage, parity and poor lifestyle factors including low physical activity, smoking, depression, low intake of vitamin C and calcium, and high fat consumption. The associations may be different in different populations, so using an appropriate tool for diagnosing central fat accumulation and considering its determinants are important for health promotion. Thus lifestyle modifications such as smoking cessation, more physically active lifestyle, avoidance of depression, adequate intake of vitamin C and calcium and less consumption of fat should be encouraged to achieve a healthier body shape.
